The effect of climatic factors on tree-ring width (TRW) 
INTRODUCTION
The climate-induced changes in the distribution of tree species are considered to cause gradual replacement due to altered competition conditions and hence recruitment (Hickler et al., 2012) . Nevertheless, the effect of climatic changes might be indirect, i.e. through pest activity (La Porta et al., 2008) , which might cause dieback of a certain species (Bartos and Campbell, 1998; Bakys et al., 2011) , and hence accelerate the changes. Dieback of ash (Fraxinus excelsior L.) has been reported from many sites in Europe (Kowalski, 2006; Kirisits and Freinschlag, 2011; Timmermann et al., 2011) , and it is considered to be a result of interaction between the climatic factors and pests (Pautasso et al., 2010; Skovsgaard et al., 2010) . The fungus Hymenosciphus fraxineus has been mentioned as one of the main causes of dieback (Kowalski, 2006) . It infects stressed trees, e.g. by climatic factors causing drought or heat stress (Thomsen and Skovsgaard, 2006; Pautasso et al., 2010) . It affects roots, decreasing the stability of the tree and altering water relations (Bakys et al., 2008; Tulik et al., 2010) . Dieback of ash is a quick process, as tree death can occur a few years after the first symptoms, such as crown reduction, are observed (Bakys et al., 2008; Timmermann et al., 2011; Enderle et al., 2013) . In some cases, visual symptoms might even be lacking (Enderle et al., 2013) . The intensity and development of the symptoms differ among trees (Kirisits and Freinschlag, 2011) , suggesting different predisposition to the diseases (Pliûra et al., 2011) . Considering that climatic factors (i.e. climatic extremes) are involved in the dieback of ash (Pautasso et al., 2010; Skovsgaard et al., 2010) , knowledge about its climatic sensitivity might be crucial for the further management of the species. For pedunculate oak, the declining trees have been more sensitive than healthy trees to diverse factors, and have had diverse growth patterns already before the decline (Helama et al., 2009 ).
The vigour of tree, which is influenced by environmental factors, including weather and microtopography, affects growth causing variation of annual increment (Speer, 2010) . Hence, detailed information about tree increment and its sensitivity to climatic factors might be obtained by retrospective analysis of stem increment, i.e. tree-ring width (TRW) (Speer, 2010) . Such information is usually obtained from the analysis of TRW chronologies, the analysis of which usually diminishes the extent of extreme growth PROCEEDINGS OF THE LATVIAN ACADEMY OF SCIENCES. Section B, Vol. 70 (2016 ), No. 3 (702), pp. 116-123. DOI: 10.1515 /prolas-2016 POINTER YEARS IN TREE-RING WIDTH OF EUROPEAN ASH  WITH DIFFERENT CROWN CONDITION AND THEIR  RELATIONSHIPS WITH CLIMATIC FACTORS IN LATVIA   Roberts Matisons 1# , Linda Gerra Inohosa 1 , and Mâris Laiviòð events (Cook et al., 1992) . Nevertheless, even a short period of extreme (anomalous) weather can have a strong and lasting effect on tree vigour and hence the increment (Schweingruber, 1992; Neuwirth et al., 2004) . Thus, specific standardization of time series of TRW has been developed to highlight and quantify extreme growth events, in order to study their relationship with environmental factors (Schweingruber, 1992) .
The aim of this study was to determine the relationship of pointer years in TRW of ash with climatic factors (weather conditions) for trees with contrasting crown conditions. We hypothesized that the damaged trees have been more sensitive to weather conditions and anomalies compared to trees with a healthy crown.
MATERIALS AND METHODS
Study area and sampling. Four stands with ash as a codominant species were studied; two stands were located in the central part of Latvia near Rundâle (RND) and Ukri (UKR) and two stands in the eastern part of Latvia near Barkava (BAR) and Gulbene (GBN) (Fig. 1 ). All stands were growing on a flat terrain in normal moisture conditions on loamy soils, in Aegopodiosa (Buðs, 1976) forest type. The elevation of the stands was ca. 45 and 120 metres above sea level in the sites in the central and eastern parts of Latvia. The stands were not even-aged; the maximum age of ash in the stands, as determined from the wood samples was ca. 70, 190, 110 , and 100 years in the BAR, GBN, RND and UKR sites, respectively.
The climate in the studied territories is mild due to dominant western winds, which bring cool and moist air masses from the Baltic Sea and from the Atlantic. The continentality increases eastwards with the growing distance from the sea. In the central and eastern part of Latvia, mean annual temperature is ca.+6.4 and +5.5°C; mean monthly temperature ranges from -4.3 to +17.5°C and from -6.2 to +17.4°C in January and July, respectively. The vegetation period with diurnal temperature above +5°C extends from mid-April to mid-October; however, it is usually ten days longer in central Latvia. Mean annual precipitation is about 610 mm. Mean monthly precipitation is the highest during summer months, resulting in a positive water balance. Global climatic change has resulted in an increase of temperature in the autumn-spring period (Lizuma et al., 2007) and as an increase of variability of summer precipitation regime and heat events (Avotniece et al., 2010) .
Ten dominant ash trees with healthy (damage £ 15 %) and ten trees with damaged (damage from 30-60 %) crowns were selected from each stand. This sample size has been sufficient for other species (Matisons et al., 2012) . From each tree, two increment cores from opposite sides of the stem at 1.3 height were sampled with a Pressler increment corer. Sampling was conducted at the end of May 2015, when the leaves had fully flushed. In the laboratory, airdried cores were mounted on fixation planks and gradually sanded, decreasing roughness of the sandpaper from 120 to 400 grains per inch, using a hand-sanding machine. Since some of the tree-rings were narrow, the cores were rubbed with a white crayon to increase the contrast and hence the tree-ring borders. The width of tree-rings was measured manually using a Lintab 5 measurement system (RinnTECH, Heidelberg, Germany) with the accuracy of 0.01 mm.
Data analysis.
The measured time series of TRW were crossdated and their quality was verified by graphical inspection and using the software COFECHA (GrissinoMayer, 2001 ). Data from the healthy ashes were used as a reference to crossdate TRW series of the damaged trees. Time series that showed low agreement (correlation with the rest of dataset < 0.35), were rejected from further analysis rather than corrected. For the description of the crossdated datasets, interseries correlation, first order autocorrelation, mean sensitivity, Gleichläufigkeit (GLK), expressed population signal (EPS) and signal to noise ratio (SNR) (Wigley et al., 1984) indices were calculated in the program R (Anonymous, 2014) using the library "dplR" (Bunn, 2008) .
To assess abrupt changes in TRW, pointer year indices for each stand were calculated for the common period from 1935 to 2012, separately for the healthy and damaged trees (except for the healthy trees in RND, where time series began from 1948). The calculation of the pointer year indices was based on a modified skeleton plot method as suggested by Neuwirth et al. (2004) . The relative differences
.. .. 5 1 5 1 of TRW were calculated for each year (i), with respect to the mean value of the previous 5-year period. The relative differences were expressed as scores ranging from -5 to +5 (except 0) in 20% steps. A score of -5 corresponded to a relative difference of < -80%, and a score of +5 to a difference of > +80%. The pointer year indices for a group of trees was calculated as follows:
, where k -number of possible score values (10), n -number of trees included in the calculation, h -number of trees with each score, s -frequency of score. The pointer year indices I > 30 were arbitrarily considered as significant.
The effect of climatic factors on the abrupt changes in TRW of ash of different crown condition was determined by a bootstrapped Pearson correlation analysis based on the entire series of pointer year indices. The significance of the correlations was determined at p = 0.05. The tested climatic factors were the minimum, maximum, mean temperature, mean daily temperature range, potential evapotranspiration (PET) and the precipitation sums for months. The climatic window from January of the year preceding formation of the tree-ring to September of the year of the tree-ring formation was used. Local climatic data were obtained from the high resolution gridded datasets provided by the Climatic Research Unit of UEA (Harris et al., 2014) for grid units containing the sampling sites. Collinearity of the significant factors was assessed, and only one of the collinear factors having the strongest correlation with pointer year indices was shown and discussed. To identify weather anomalies i.e. years with extreme values of climatic data, z-scores were calculated for each climatic factor.
RESULTS
From 75 to 100% of the measured time series of trees per sites and groups (damaged or healthy) passed the crossdating and the quality checking and were used for further analysis (Table 1 ). The crossdated datasets covered the periods beginning from 1824 to 1948 in the GBN and RND sites. The damaged trees were generally older then the healthy trees. Autocorrelation for TRW was higher in damaged trees than in healthy trees (0.82 and 0.77, respectively). The healthy trees showed better agreement of high-frequency variation of TRW in the sites in eastern Latvia, as shown by higher values of the interseries correlation, Gleichläufigkeit and the expressed population signal, but the opposite was observed in the sites in central Latvia. The environmental signals in TRW were stronger in central than in eastern Latvia, where the mean values of signal to noise ratio were 4.8 and 2.3, respectively. The damaged trees in the BAR site had the weakest agreement (expressed population signal was 0.42), which that was shown by the lowest signal to noise ratio of 0.72 amongst the datasets. The value of the expressed population signal was above 0.80 for datasets from the sites in central Latvia, but it reached 0.85 only for the damaged trees in the UKR site.
The pointer year indices ranged from -69 to 100, but the range was slightly narrower for trees from central than eastern Latvia (from -69 to 70 and from -60 to 100, respectively) (Fig. 2) . The range tended to decrease with increasing sampling depth and age. The variation of index values was smooth and periodic; nevertheless, several outstanding pointer years, e.g., in 1943 (UKR), 1956 (GBN healthy), 1978 (BAR, health) and 1988 (BAR, damaged) were observed. The teleconnection between the sites was rather weak, as mean value of the correlation coefficients calculated between the index series was ca. 0.25, suggesting individuality of growth variation, although pointer year indices of damaged trees in the RND and UKR were quite similar (r = 0.70). The correlation of index series amongst the healthy and damaged trees within a stand was above 0.60 in the GBN, RND and UKR sites; however, it was only 0.28 in the BAR site.
The occurrence of significant pointer years, i.e. years with the absolute index value above 30, differed between the regions and groups of trees (Fig. 2) . In total, 65 and 66 years with absolute index I > 30 were observed in sites in central and eastern Latvia, but none of the significant pointer years co-occurred for all sites/groups. However, positive pointer years were more frequent than the negative years (77 and 54, respectively), particularly in the BAR site where 31 positive and 12 negative pointer years were observed. The highest and lowest numbers of significant pointer years TRW, tree-ring width; S, mean sensitivity; N, number of crossdated trees; IC, mean interseries correlation; AC, autocorrelation; GLK, Gleichläufigkeit; EPS, expressed population signal; SNR, signal to noise ratio were observed in sites in eastern Latvia -for the healthy trees in the BAR site (26) and for the damaged trees in GBN site (11). In eastern Latvia, the number of significant pointer years was higher for healthy trees, while similar number of years was observed for both tree groups in eastern Latvia. The highest and the lowest mean values of the significant pointer year indices were observed for healthy trees in the BAR site and for the damaged trees in the RND site, ca. 49 and 39, respectively. Nevertheless, in general, the significant pointer years had higher values in the sites in eastern that in central Latvia (ca. 46 and 41, respectively).
The time series of pointer year values were significantly correlated with 18 of the 132 tested climatic factors (Fig. 3) .
The coefficient values of the significant correlations were mainly low or intermediate (r £ 0.43). The sets of the significant climatic factors differed regionally and among the trees with different crown condition, yet there was some individuality amongst the sites and groups. In the sites in eastern Latvia, pointer year indices correlated with temperature and its monthly range in spring of the year of tree-ring formation in the preceding year. Additionally, some correlations with precipitation related factors in winter of current and preceding year were observed. In both sites, the healthy trees showed sensitivity to precipitation in January, but the damaged trees showed some sensitivity to temperature in May. In the BAR site, healthy trees showed a lower number of significant factors than the damaged trees (two and six, respectively) and the correlations were weaker (mean r was 0.25 and 0.36). The damaged trees showed the highest sensitivity to temperature in April. In contrast, in the GBN site, pointer years of damaged trees were weaker correlated with the climatic factors (mean r was 0.23 and 0.32, respectively), although the number of the significant factors was higher compared to the healthy trees (eight and six).
In the sites in central Latvia, pointer year indices were mainly correlated with weather conditions in the preceding and current summer (Fig. 3) . Summer temperature and precipitation had a positive correlation, while the range of temperature had a negative correlation with index values. In both sites, the damaged trees showed sensitivity to the minimum temperature in June of the preceding year and monthly range of temperature in the current July. Nevertheless, some differences in the sets of the significant factors were site specific. In the RND site, the number of significant factors was lower (three and nine), but the values of significant correlation coefficients were higher (mean r was 0.37 and 0.29) for the healthy than the damaged trees. Higher number of the significant factors was also observed for the damaged trees in the UKR site, yet the strength of correlations was similar. In the UKR site, the damaged trees were more sensitive to temperature and precipitation in July of the year preceding growth. The effect of temperature range in January of preceding year was stronger for the damaged trees.
Amongst the strongest pointer years (absolute index value > 30), several co-occurred for the damaged or healthy trees in both sites from the same region and it was possible to assign these pointer years with certain weather anomalies (Table 2). The common pointer years mainly occurred when a few anomalies coincided. The common negative pointer years were associated with a lower than usual temperature in winter or autumn accompanied by a shifting temperature regime. The positive pointer years were mainly associated with a warm and moist condition before or during the formation of relevant tree-ring (e.g. April, June and July or previous autumn), as previously suggested by the correla- TRW, tree-ring width; P, positive pointer year; N. negative pointer year. Numbers in brackets: Z-scores of the anomalies of monthly temperature and precipitation sums, calculated for 30 year period based on the data from CRU for grid points located closest to sites. Only the anomalies with |z-scores| > 2 are shown. Months, corresponding to the year preceding formation of tree-ring, are in uppercase.
tion analysis (Fig. 3) . However, the positive pointer years occurred also in 1956, when August was cool. Some of the common pointer years i.e. in 1944 and 1946, apparently, were caused by other than the tested factors.
DISCUSSION
Although most of the time series of TRW were crossdated (Table 1) , this was mainly achieved by matching the signature years amongst the trees within a stand. This suggested high variability of growth patterns amongst the trees, groups and sites (Table 1, Fig. 2) , as portrayed by the low values of interseries correlation, expressed population signal and signal to noise ratio (Wigley et al., 1984) . Low EPS might be also attributed to low sample size, but they were much lower compared to other species (Matisons et al., 2012) . Although ash in Latvia occurs near its northern limit (Anonymous, 2009) , where the limiting effect of certain factors and hence common signal in TRW is expected (Speer, 2010) , the differences in growth patterns (Table 1) might be explained by stressed growth. Growth of the stressed trees becomes individual due to the excessive sensitivity to microclimatic conditions (Speer, 2010) . The regional differences in the agreement support this idea, as higher values of expressed population signal and signal to noise ratio were observed in sites in central Latvia where the climate is milder (Table 1) . However, the agreement of the damaged trees was slightly better compared to the healthy trees (Table 1 ), suggesting that trees that were more sensitive to environmental factor(s) (Wigley et al., 1984) might have also been more susceptible to the damage. In eastern Latvia, where climate is harsher, particularly the damaged trees were environmentally stressed and hence showed higher variability of growth patterns (Table 1) , also suggesting that the more sensitive trees have been damaged, as previously described by Pautasso et al. (2010) . However, the differences in age of the damaged and the healthy trees (Table 1) suggest that the susceptibility to disease might be age-dependant. With age, maintenance costs increases (Ryan et al., 1990; Pallardy, 2008) and trees become more sensitive to environmental conditions (Carrer and Urbinati, 2004) . Hence, stress conditions might occur more often, favouring the development of pathogens (La Porta et al., 2008) .
The differences in sensitivity between the sites and groups were portrayed by the variation patterns of TRW. The range of the pointer year indices was wider in eastern Latvia (Fig.  2) , suggesting that the abrupt common changes in TRW were more expressed, likely due to the harsher climate. However, the range of index values decreased with age, which might be related to a biological trend in TRW (Cook et al., 1992) . The periodicity of the variation of index values (Fig. 2) might be explained by the autocorrelation present in TRW (Table 1 ). The significant pointer years mainly occurred when the trees were at the minimum or maximum growth phase, thus amplifying the decrease or release of growth, respectively. Still, on top of this, some outstanding pointer years were evident (Fig. 2) , e.g., after extreme cold events, as in 1943, 1956 and 1988 , likely due to growth releases in response to winter mortality and decrease of competition (Schweingruber, 1992) .
The occurrence of the significant pointer years (|I| > 30) was comparable between the groups (Fig. 2) , suggesting that mainly susceptibility to environmental, i.e. weather anomalies of damaged and healthy trees has been similar within a stand. However, in eastern Latvia, higher sensitivity of the damaged trees was suggested by a slightly higher number and mean values of significant pointer years. The lowest number of significant pointer years occurred in the GBN site (Fig. 2) where trees were the oldest (Table 1) , thus showing weaker reaction to environmental changes. In ring-porous species, earlywood width is rather constant and latewood width mainly causes the variation of TRW (Zhang, 1997) . Hence, with age, the proportion of earlywood increases, thus reducing the relative variability of TRW. More frequent occurrence of positive pointer years with index (|I| > 30) (Fig. 2) , likely caused by highly favourable conditions, suggested that growth has been mainly suppressed, presumably by climate, as Latvia is located near the northern limit of ash (Anonymous, 2009 ).
The variation of pointer year indices was significantly affected by climatic factors (Fig. 3 ), but the low values of correlation coefficients suggested that none of the tested factors was strictly limiting. The regional differences in the sets of significant correlations might be explained by climate (Matisons et al., 2012) . In eastern Latvia where the climate is harsher, spring temperature was the main limiting factor for TRW. For ring-porous species, earlywood vessels, which are the main water conduits, are formed before bud break (Sass-Klaassen et al., 2011) . Conditions during their formation influence their size (Sass-Klaassen et al., 2011) and hence water relationships during the subsequent vegetation season (Tyree and Zimmermann, 2002) affecting assimilation and growth (Berry and Downton, 1982) . Increased temperature in April might initiate the active period earlier, subjecting trees to frost damage (Gu et al., 2008) , thus explaining the negative correlation (Fig. 3) . This is also supported by the negative correlation with the temperature range. The formation of earlywood depends on stored reserves (Pallardy, 2008) , explaining the effect of condition in the season preceding growth (Fig. 3) . In both sites, damaged trees had more factors that were significantly correlated with pointer year indices (Fig. 3) , suggesting higher sensitivity to weather conditions. However, the healthy trees in both sites were sensitive to precipitation in January, which might be related to soil freeze and fine root mortality (Tierney et al., 2001) , contradicting that idea.
In central Latvia, where the winters are milder, but summers hotter, conditions in spring had weak effect on the occurrence of pointer years in TRW (Fig. 3) . In contrast, climatic factors related to assimilation, particularly in preceding summer, had the strongest effect, suggesting stronger dependence of radial growth on stored reserves (Pallardy, 2008) . Positive effect of temperature in the preceding June and July (Fig. 3 ) might be explained by increased assimila-tion in response to warmer temperature, particularly when water is abundant (Berry and Downton, 1982) , as supported by the positive correlation with precipitation (Fig. 3) . On the other hand, positive correlation with precipitation might indicate occurrence of effect of water deficit, which decreases assimilation (Berry and Downton, 1982) . During the vegetation season, photosynthetic apparatus is being adjusted for a certain temperature (Berry and Downton, 1982) , thus increased variability of temperature might decrease assimilation, explaining the negative correlation with temperature range (Fig. 3) . The sets of significant factors differed between the trees with damaged and the healthy crowns. Damaged trees showed a higher number of the significant factors and higher values of correlation coefficients (UKR site) compared to healthy trees, suggesting higher sensitivity to climatic factors, similarly, as observed in the sites in eastern Latvia. The negative effect of temperature range in the preceding January, which was stronger for the damaged trees (Fig. 3) , might be related to thawing and subsequent cold damage (Zhu et al., 2000) that might alter the allocation of resources in the following year.
The significant correlations between climatic factors and pointer year indices (Fig. 3) confirmed the assignment of some pointer years common for groups within the regions with weather anomalies (Table 2) , as similar factors have been mostly involved. The occurrence of these pointer years differed regionally, as shown by the correlation analysis (Fig. 3) . The common pointer years occurred when mainly the effect of a few factors was combined, suggesting that additional stimulus might be needed for the forcing of regional signatures in TRW. Nevertheless, some of the common regional pointer years were not assigned to weather anomalies (e.g. in 1944 and 1946) or the assigned anomalies contradicted results of the correlation analysis ( Fig. 3 ) (e.g. in 1939 and 1973) probably due to the effect of other factors such as competition (Martin-Benito et al., 2008) . Some differences of the common pointer years were also apparent. In eastern Latvia, the common positive pointer years were more frequent for trees with healthy crowns, likely due to faster growth (wider TRW) (Table 1) , and hence cleared reaction to environment (Speer, 2010) . Nevertheless, a similar number of indices was observed also in eastern Latvia.
CONCLUSIONS
Local and regional features were observed in the patterns of variation of TRW of ash suggesting the complexity of the factors affecting its growth. The pointer years in TRW were stronger and more frequent in the more continental eastern region of Latvia, suggesting stronger reaction to weather. The positive pointer years were more frequent than the negative, suggesting growth release in response to favourable weather conditions, especially to their co-occurrence. In central Latvia, the occurrence of abrupt changes in growth was positively affected by temperature in the preceding summer and autumn, suggesting that with warming, growth releases might become more frequent. In eastern Latvia, pointer year indices negatively correlated with temperaturerelated parameters of the preceding and current spring, suggesting that growth suppression might intensify with climate warming. The differences in the occurrence of pointer years in healthy and damaged trees were small. Generally, trees with the damaged crowns have been more sensitive to climatic factors: summer temperature in the central region and spring temperature in the eastern region.
